Water isotope effect on the phosphatidylcholine bilayer properties: a molecular dynamics simulation study.
Physicochemical properties of heavy water (D2O) differ to some extent from those of normal water. Substituting D2O for H2O has been shown to affect the structural and dynamic properties of proteins, but studies of its effects on lipid bilayers are scarce. In this paper, the atomic level molecular dynamics (MD) simulation method was used to determine the effects of this substitution on the properties of a dipalmitoylphosphatidylcholine (DPPC) bilayer and its hydrating water. MD simulations of two DPPC bilayers, one fully hydrated with H2O and the other with D2O, were carried out for over 50 ns. For H2O, the simple point charge (SPC) model was used, and for D2O, the extended SPC-HW model was employed. Analyses of the simulation trajectories indicate that several properties of the membrane core and the membrane/water interface are affected by replacing H2O by D2O. However, the time-averaged properties, such as membrane compactness, acyl chain order, and numbers of PC-water H (D)-bonds and PC-PC water bridges, are much less affected than time-resolved properties. In particular, the lifetimes of these interactions are much longer for D2O molecules than for H2O ones. These longer lifetimes results in a slightly better ordering of the D2O molecules and average self-diffusion, which is 50% slower compared with the H2O molecules. This large isotope effect has been assigned to the repercussions of the longer lived D-bonding to DPPC headgroups insofar as all water molecules sense the presence of the DPPC bilayer.